Abstract Blood cells and biofluid proteomics are emerging as a valuable tool to assess effects of interventions on health and disease. This study is aimed to assess the amount and variability of proteins from platelets, peripheral blood mononuclear cells (PBMC), plasma, urine and saliva from ten healthy volunteers for proteomics analysis, and whether protein yield is affected by prolonged fasting. Volunteers provided blood, saliva and morning urine samples once a week for 4 weeks after an overnight fast. Volunteers were fasted for a further 24 h after the fourth sampling before providing their final samples. Each 10 mL whole blood provided 400-1,500 lg protein from platelets, and 100-600 lg from PBMC. 30 lL plasma depleted of albumin and IgG provided 350-650 lg protein. A sample of morning urine provided 0.9-8.6 mg protein/dL, and a sample of saliva provided 70-950 lg protein/mL. None of these yields were influenced by the degree of fasting (overnight or 36 h). In conclusion, in contrast to the yields from plasma, platelets and PBMC, the protein yields of urine and saliva samples were highly variable within and between subjects. Certain disease conditions may cause higher or lower PBMC counts and thus protein yields, or increased urinary protein levels.
Introduction
Proteomics is emerging as a valuable tool in nutritional and clinical research [6, 8, 13, 21, 23, 24, 27] . Proteome analysis from easily-accessible human body fluids and blood cells can identify thousands of proteins, which may provide valuable new biomarkers for health and disease progression and enable discovery of mechanisms of action of food components [24] . Indeed, fish oil supplementation in healthy volunteers changed levels of structural and antiinflammatory platelet proteins (B. de Roos, unpublished results) and serum biomarkers of inflammation and lipid modulation [7] . Healthy males ingesting flaxseed [11] , and postmenopausal women supplemented with isoflavone extract [12] showed changes in PBMC proteins involved in oxidative stress, inflammation, fatty acid oxidation and glycolysis [11, 12] . Moreover, platelet and PBMC proteomics represented a more sensitive method for detecting modulation of inflammatory processes compared with plasma markers that are classically used (B. de Roos, unpublished results) [12] . Proteomic profiling of blood and blood cells, however, is still in need of further refinement [4] . The technique is potentially liable to large within-and between-subject background variation because of rapid changes in response to external signals, differences in methods of blood sampling and sample preparation, and a relatively high level of technical variation inherent in the use of for example 2D gel electrophoresis technology [6] . These sources of variation can obscure the biological changes under investigation. Recently, we and others determined optimal methods to deplete human plasma of its most abundant proteins using immuno-affinity columns, concentrate protein homogenates, and isolate PBMC with minimal platelet contamination [6, 9, 20, 29, 31] . Here we present data on the amount and the variability of proteins available from platelets, PBMC, plasma, urine and saliva from healthy volunteers for proteomics analysis after overnight or 36 h fasting. This information is essential for informing the design and defining the expected scale of protein changes in human studies using proteomics.
Materials and methods
Ethical permission for the study was obtained from the North of Scotland Research Ethics Services prior to the start of the study, and all volunteers gave informed consent. Ten volunteers (3 males and 7 females) between the ages of 18 and 65 were recruited from the Aberdeen area. They were ascertained as healthy by a general medical examination including an haemotinic assessment, and volunteers were only included if they were not taking aspirin or aspirin-containing drugs, other anti-inflammatory drugs, or any drugs or herbal medicines known to alter platelet function or the haemostatic system in general. Table 1 provides a summary of baseline characteristics, including haemotinic results obtained during the screening for each of the volunteers.
Intervention study
During the intervention, volunteers were asked to provide once weekly for 4 weeks on different days a blood sample of 80 mL (for the isolation of platelets, PBMC and plasma), a saliva sample of 3 mL, and a (second) morning urine sample. Samples were obtained after an overnight fast (*10-12 h). After the sample was taken in the fourth week, the volunteers were fasted for a further 24 h before providing their final blood, saliva and (second) morning urine sample. For the blood sampling, 30 mL was obtained into a closed monovette system containing trisodium citrate anticoagulant for the isolation of platelets. These monovette system tubes were kept at 37°C for a maximum of 30 min before platelet isolation. An average (±SD) of 28.8 ± 1.2 mL of blood was obtained into vacutainers containing potassium EDTA anticoagulant for the isolation of PBMC. These samples were kept on ice until the isolation of PBMC. Approximately 15 mL of blood was collected into lithium heparin vacutainers for the isolation of plasma. Haemotinic data, as well as cell counts for whole blood, platelets and PBMC, were sampled from vacutainers containing EDTA coagulant using a Sysmex KX-21N Haematology Analyser.
Isolation of platelets, PBMC, plasma, saliva and urine Platelets were obtained from blood collected in Monovette system tubes with trisodium citrate as anticoagulant, and PBMC were isolated using the OptiPrep TM method, as described by us previously [6] . Plasma was centrifuged at 2,200g for 15 min at 4°C. 0.5 mL aliquots were removed to microtubes before being snap frozen and stored at -80°C The samples were transferred to microfuge tubes, and the filter washed twice with 20 lL of rehydration buffer before the washes were combined with the appropriate sample. The final sample volume was recorded prior to storage at -80°C. 3 mL of saliva was collected by spitting into a 50 mL tube after rinsing the mouth twice with water. 3 lL Complete (Roche, 1 tablet in 10 mL 18.2 MX cm water) was added immediately to the saliva and the sample centrifuged at 16,245g for 15 min at 4°C. 1 mL aliquots of supernatant were removed to fresh microtubes and snap frozen prior to storage at -80°C for protein analysis. The morning urine was collected to a 2 L bottle, and 3 M sodium azide was added instantly. The sample was centrifuged at 750g for 8 min at 4°C. The supernatant was transferred to a fresh tube and stored at -80°for protein analysis.
Protein analysis
Platelet and PBMC proteins were extracted into buffer containing 7 M Urea, 2 M Thiourea, 2% CHAPS and 0.06% proteinase inhibitor cocktail (Roche) as described by us previously [6] . To isolate proteins from saliva, 900 lL of ice-cold acetone containing 10% TCA and 20 mM DTT was added to 300 lL saliva and incubated overnight at -20°C. After centrifugation at 20,000g for 15 min at 4°C, a pellet was obtained and washed with icecold acetone, which was centrifuged again at 20,000g for 5 min at 4°C, after which the dry pellet was obtained. The pellet was dissolved in 100 lL rehydration buffer containing 7 M urea, 2 M thiourea, 2% CHAPS, 65 mM DTT and 0.5% 3-10 non-linear IPG buffer (GE Healthcare) during 30 min at room temperature. To isolate proteins from urine, 40 mL urine was precipitated with 160 mL acetone and incubated at -20°C for 1 h, after which the sample was centrifuged at 12,000g at 4°C for 20 min. After air-drying, the pellet was resuspended in lysis buffer containing 7 M urea, 2 M thiourea, 4% CHAPS, 120 mM DTT, 40 mM Tris and proteinase inhibitor. The solution was sonicated (20 strokes, amplitude 35, interval 0.5) to solubilise proteins, and dialysed with an 8 kDa cut-off mini dialysis kit against water at 4°C overnight. A second acetone precipitation step was performed and proteins were solubilised by sonication as described above. Protein concentrations of platelets, PBMC, saliva and urine were assessed by the RC/DC assay (BioRad) according to the manufacturer's instructions. The protein contents of complete plasma samples and albumin/IgG depleted plasma samples were determined using 2-D Quant kits (GE Healthcare UK Ltd, Little Chalfont, Buckinghamshire, UK) according to the manufacturer's instructions.
Statistical analysis
For each variable ANOVA, with a blocking term for volunteer and samples as a treatment term, was used to assess whether values following prolonged fasting were significantly different from baseline values. A contrast between the four baseline samples and the one fasting sample was included in each ANOVA. Whether outcomes were dependent on age and body mass index (BMI) was investigated by including these as covariates in the betweensubject stratum of the analysis. Statistical analyses were performed in Genstat version 10 (VSN International Ltd, UK).
Results
Haemotinic results during the 4 weeks sampling period (at the four baseline samplings and after the 36 h fasting challenge) did not differ from the screening results that are summarised in Table 1 (data not shown).
Platelets
Whole blood platelet counts in the four baseline samples from each subject ranged from 178 to 409 9 10 6 /mL whole blood with an intra-individual coefficient of variation (CV) ranging from 2 to 18% and an inter-individual CV of 20-22% (Fig. 1a) . In the baseline samples, the number of platelets in PRP isolated per mL whole blood ranged from 8.9 to 21 9 10 6 , with an intra-individual CV of 1-10% and an inter-individual CV of 18-22% between baselines (Fig. 1b) . Whole blood and PRP platelet counts were not significantly different between baseline samples (taken after an overnight fast) and the sample taken after the prolonged 36 h fasting challenge, and were not dependent on age or BMI, as assessed by ANOVA. Figure 1c shows the relationship between the amount of platelets isolated from 3 Monovette system 10 mL tubes (30 mL) and the amount of protein extracted from the subsequent platelet pellet. From 30 mL of whole blood it was possible to extract between 1,200 and 4,517 lg of platelet proteins, with an intra-individual CV ranging from 6 to 38% and an inter-individual CV of 20-26% between baselines.
PBMC
Whole blood PBMC counts in the four baseline samples from each subject ranged from 1.1 to 3.7 9 10 6 /mL with an intra-individual CV ranging from 4 to 16% and an interindividual CV ranging from 25 to 32% (Fig. 2a) . In the baseline samples, the number of PBMC obtained from three 10 mL and one 5 mL vacutainers (*29 mL) whole blood ranged from 11.3 to 50 9 10 6 , with an intra-individual CV of 4-30% and an inter-individual CV of 26-47% between baselines (Fig. 2b) . PBMC counts were not significantly different between baseline samples (taken after an overnight fast) and the sample taken after the prolonged 36 h fasting challenge, and were not dependent on age or BMI, as assessed by ANOVA. Figure 2c shows the relationship between the amount of PBMC isolated from 29 mL whole blood and the amount of protein extracted from the subsequent PBMC pellet. From 29 mL whole blood it was possible to extract between 296 and 1,849 lg of PBMC proteins, with an intra-individual CV ranging from 9 to 41% and an inter-individual CV of 30-48% between baselines. The contamination ratio of PBMC with platelets remained below 1:15 for 49 out of the 50 samples. One sample had a contamination ratio of 1:24.
Plasma
The amount of protein extracted from plasma during baseline from each subject ranged from 53.9 to 78.2 lg/lL ) originating from 29 mL whole blood (b) during four baseline samplings (B1, B2, B3 and B4) and after a fasting challenge (Fast). c Indicates correlation between platelet count (910 6 ) from 29 mL of whole blood with total protein yield (Fig. 3a) . The intra-individual CV in baseline plasma protein yields ranged from 3 to 14% and the inter-individual CV ranged from 6 to 12%. The degree of fasting had no significant effect on plasma protein yield, and the yield was not dependent on age or BMI, as measured by ANOVA.
After depletion of the plasma samples from albumin and IgG (which on average removed 79% of all proteins), the amount of protein extracted from 30 lL depleted baseline sample ranged from 2.3 to 5.0 lg/lL, or 339-645 lg (Fig. 3b) . The intra-individual CV in baseline depleted plasma protein yield ranged from 2 to 18%, and the interindividual CV ranged from 12 to 20%. The degree of fasting had no significant effect on depleted plasma protein yield, and the yield was not dependent on age or BMI, as measured by ANOVA.
Urine
The amount of collected morning urine samples from each subject ranged from 21 to 465 g. The amount of protein extracted from morning urine baseline samples ranged from 0.9 to 8.6 mg/dL (Fig. 4a) . The intra-individual CV in baseline morning urine samples ranged from 7 to 93% and the inter-individual CV ranged from 52 to 84%. The degree of fasting had no significant effect on morning urine protein yield, and yield was not dependent on age or BMI, as measured by ANOVA.
Saliva
The amount of protein extracted from saliva during baseline from each subject ranged from 0.07 to 0.95 mg protein per mL saliva (Fig. 4b) . The intra-individual CV in baseline saliva protein yields ranged from 14 to 123% and the inter-individual CV ranged from 56 to 80%. The degree of fasting had no significant effect on protein yield, and yield was not dependent on age or BMI, as measured by ANOVA.
Discussion
Here we present data on the magnitude and the variability of proteins available from platelets, PBMC, plasma, urine and saliva from healthy volunteers that can be used for proteomics analysis. Each 10 mL of whole blood provided between 400 and 1,500 lg protein from platelets after isolation and washing of these isolated cells, and between 100 and 600 lg protein from PBMC proteins using the OptiPrep TM method for PBMC isolation to minimise contamination with platelets ( Fig. 1, 2) . From 30 lL plasma, it was possible to obtain between 350 to 650 lg protein depleted of albumin and IgG using the Amersham Albumin and IgG depletion kit (Fig. 3) . A spot sample of morning urine provided between 0.9 and 8.6 mg/dL, and a spot sample of saliva provided between 70 and 950 lg protein per mL (Fig. 4) . None of these yields were influenced by the degree of fasting (i.e. overnight or a 36 h fasting challenge), or by the age and BMI range of the volunteers in our study. Intra-and inter-individual variability in platelet and PBMC counts, and in protein yields from platelets, PBMC and plasma, were substantially lower compared with the variability in protein yields from saliva and urine. The proteome of whole saliva is highly susceptible to a variety of physiological and biochemical stimuli and is under neurologic control [17] . In addition, host-and bacteriaderived enzymes lead to extensive proteolytic cleavage, partial deglycosylation, and protein-protein complex formation in the mouth upon secretion of salivary proteins. Thus continuous secretion of synthesised protein products from multiple salivary glands and removal of protein products by swallowing create a dynamic and highly variable environment [17, 18] . Despite problems with variability, projects such as the human salivary proteome project [19] will allow examination and comparison of salivary proteomes of high impact diseases such as cancers, diabetes and autoimmune diseases [18] . High intra-and inter-individual variability is also one of the problems of urine proteome analysis [33] . Urinary proteins originate from different sites, e.g. from plasma via glomerular filtration, from renal tubular epithelial cells, from shedding of whole cells or membrane fragments along the tubulus and bladder or from exosome secretion [30, 34] . According to recent recommendations for urinary proteomics [33] , we collected second morning urine samples and added sodium azide instantly to minimise contamination of proteins from bacteria [3] , which can change the urinary proteome profile [33] . We also removed cells and debris by centrifugation, and removed salts from urine samples by dialysis against water [33] . We did not take water loading into consideration, but protein yields were in a similar range (2-16 mg/mL) as reported previously [33] . The first morning urine sample provides the greatest amount of recovered proteins when equal volumes of urine are used, but shows the smallest number of visualised protein spots in 2D gels [35] . The establishment of standard protocols and guidelines for urine proteome analysis has been identified as an important and immediate goal of the Human Kidney and Urine Proteome Project (HKUPP) [36] .
We, recently, published methodological recommendations for proteomic studies involving human plasma, platelets, and peripheral blood mononuclear cells. One recommendation was the application of single-use immunoaffinity columns, such as the Amersham albumin and IgG removal kit, to deplete the plasma samples of its two most abundant proteins [6] . Sample load capacity of 2D gels is severely limited by the presence of highly abundant proteins, which can mask the presence of low-abundance proteins. Depletion enables 10-to 20-fold higher amounts of serum or plasma samples to be applied to 2D gels, resulting in greater resolution of less abundant but potentially important proteins [9] . The Amersham columns were used in the current study because of efficient sample preparation time and consistent depletion of plasma samples [6] . Indeed, immuno-affinity is increasingly being accepted as the most effective sample preparation process for plasma proteomics studies, having the advantages of high specificity for target proteins, low cross-reactivity to non-target proteins, minimal disruption of the native condition of the samples, simple procedure and reproducible results, and high capacity. Multiple affinity methods are now available, some of them enabling depletion of a large range of high abundant plasma proteins [10] . A second methodological recommendation that was applied in the current human study was the use of OptiPrep TM for optimal recovery of PBMC with the lowest amount of platelet contamination [6] . Various methods exist for the isolation of PBMC from whole blood. However, a significant problem with each of these methods is contamination of PBMC with platelets, which obviously impairs the usefulness and validity of PBMC proteomics data. Lower platelet contamination, however, will result in a lower protein yield [6] . According to our previous recommendations [6] , our current approach aimed towards isolation of a very pure platelet preparation while minimising platelet activation. Platelets were isolated immediately after blood donation to avoid changes in their physiological state and viability. Only the upper third of the platelet rich plasma was isolated to avoid contamination from other blood cells such as erythrocytes, leukocytes and plasma proteins [15, 28] . Platelets also underwent additional centrifugation steps to minimise potential contamination with plasma proteins normally present in platelet rich plasma, which could influence the outcome of the experiment [14] . In the current study, platelets were obtained in large quantities (0.5 up to 1.2 9 10 10 ) from relatively small amounts of blood (30 mL) (Fig. 1a) , yielding from 1.2 up to 4.5 mg of protein. This is slightly higher than found by us previously from a single blood platelet sample [6] , but similar to reported by Garcia et al. [14] , who found that, in general, 100 mL of blood yielded on average 2 9 10 10 platelets, and between 16 and 24 mg of platelet protein.
In this study, healthy subjects with no pre-existing history of disease were recruited and haematinic markers for the group fell within normal ranges. However, certain disease states influence cell count and thus protein yield. Platelet counts are relatively stable within subjects and a low (less than 150 9 10 3 /lL) or high platelet count (over 450 9 10 3 /lL) not necessarily implies any form of disease. Occasionally, thrombocytopenia (or very low platelet count) may occur in some hereditary syndromes or, for example, leukaemia, liver failure and sepsis. Thrombocytosis (or high platelet count) may occur due to essential thrombocythemia or other myeloproliferative disorders [26] . Lymphocyte numbers are, however, profoundly influenced by disease. A temporary elevated lymphocyte count is often observed with acute infection, while persistent lymphocytosis is associated with chronic inflammatory-mediated pathologies such as cardiovascular disease, cancer and the metabolic syndrome [2, 32] . Absolute lymphocyte count is both a diagnostic and prognostic indicator for acute and chronic lymphocytic leukaemia [5] . A decreased circulating lymphocyte number (lymphopenia) is frequently associated with viral infections (including the common cold, influenza, hepatitis and HIV) [25] , stress-related corticosteroid responses, autoimmune diseases (such as systemic lupus erythematosus and rheumatoid arthritis), certain cancers [22] and malnutrition [37] . Disease conditions can also affect urinary protein levels, as is the case in proteinuria and/or albuminuria, in which urine contains abnormally high amounts of proteins and in particularly albumin. An increased urinary albumin excretion (in the absence of other renal diseases) is found in diabetic nephropathy, the leading cause of kidney disease that affects approximately 40% of type 1 and type 2 diabetic patients, and for which hyperglycemia, increased blood pressure, and genetic predisposition are the main risk factors [16] . Albuminuria is a powerful predictor of renal and cardiovascular risk in patients with type 2 diabetes and hypertension [1] . Clearly, cell counts or protein levels in these disease states will significantly influence protein yield obtained from cells or biofluids.
In conclusion, this study provides important data on the amounts and variability of proteins available from platelets, PBMC, plasma, urine and saliva from healthy volunteers for subsequent proteomics analysis. Such information is often required for ethics applications to justify the amount of sample required from human subjects. In general, protein yields obtained from urine and saliva were highly variable within and between subjects, whereas protein yields obtained from platelets, PBMC and plasma were more constant in healthy subjects. Prolonged fasting for 36 h did not influence protein yields from blood cells or biofluids, although changes in protein expression are very likely after such a metabolic challenge. But certain disease conditions may cause alterations of PBMC counts and thus protein levels, or changes in the protein state of the body fluids. Thus the potential effect of infections, disease states and pathologies on blood cell numbers and biofluid protein levels in human subjects, and the subsequent employment of them for proteomics studies, must be accounted for.
